This paper presents synthesized catalysts based on polyacrylonitrile pyropolymers for the oxygen reduction reaction. We developed gas diffusion cathodes using these catalysts, which provide a specific current density of about 0.35 A/cm 2 for cathodic polarization below 0.25 V. The specific power of the laboratory stack of fuel cells with an alkaline electrolyte is more than 350 mW/cm 2 .
manifest itself in different ways in the kinetic and diffusion region of the electroreduction of oxygen [2] .
In addition, it is necessary to determine how the change in pH affects the value of the cathode potentials, which, depending on the nature of the catalyst, can be divided into several groups. The first group includes catalysts based on compound organic complexes that behave themselves like soot in different pH ranges. In acidic and neutral solutions, E/ pH = 0. In alkaline solutions, we can observe a shift of E/ pH by 30-60 mV. Activated carbon can be attributed to the second group, as well as those shown in [3] and, to some extent, catalysts with platinum group metals. In this case, we can observe a shift of E/ pH by 45-50 mV.
The equilibrium HO 2 -↔О 2 establishes in the E st region on cathode catalysts in the presence of oxygen in an alkaline electrolyte, which basically determines the value of the stationary potential.
The generally accepted mechanism of the reaction of oxygen reduction in an alkaline medium can be represented as follows:
One of the groups of cathode catalysts that significantly increase the activity and efficiency of an electrode in an oxygen reduction reaction include catalytic systems synthesized using various nitrogen-containing metal complexes on a carbon carrier [4, 5] . Phthalocyanines and porphyrins Fe, Co, Mn, Mo, and Cu can be used as precursors in the synthesis [6] . High-temperature pyrolysis is the most effective method for the synthesis of such catalysts. The widespread use of this method is due to the possibility of the synthesis of nitrogen-containing structures during the pyrolysis of complex organic precursors -polymers, heterocyclic compounds, as well as various N x -complexes. It was shown in a number of works that nonpyrolyzed N 4 -complexes -porphyrins and phthalocyanines Co, Fe, Ni, and Cr, deposited on a carbon carrier, show noticeable activity in the oxygen reduction reaction; however, after high-temperature treatment at 500-1000 °С in an inert atmosphere, the activity and stability of such catalysts increases several times [3] . The reasons for such a sharp increase in electrochemical activity have not been fully studied yet; however, there are a number of assumptions about the nature of the catalytic center.
The most common assumption among them states that the metal-N 4 -center bound to the carbon of the carrier (substrate) is active, with the central metal atom of the macrocycle playing a key role in the oxygen reduction process [7] [8] [9] . Beck [10] suggested that oxygen reduction on N 4 -transition metal complexes goes through a modified "reductive catalysis" mechanism, when the oxygen molecule, adsorbed on the metal of the catalytic center, forms a metal-oxygen complex with subsequent electron transfer through the central metal atom and regeneration of the reduced N 4 -chelate complexes. Dodelet et al. [11] discovered the formation of two different catalytic areas, FeN 4 /C and FeN 2 /C, present in the catalysts regardless of the type of Fe-containing precursor used, in which Fe is coordinated with N in the pyrrolitic and pyridine types, respectively.
The aim of this work is to create and study non-platinum cathode catalysts for alkaline electrolyte fuel cells based on N-doped carbon materials. To achieve it, we formulated the following tasks: 1) synthesis of catalysts; 2) the study of catalytic properties in the reaction of O 2 electro-reduction using the method of a rotating disk electrode; 3) study of the porous structure of catalysts, active layers, gas diffusion layers; 4) testing of gas diffusion cathodes in a half-cell and the studying impacts of various factors on the characteristics of the cathodes; 5) testing Al-air elements.
The three-layer gas diffusion cathode consists of a nickel grid, a barrier layer based on Vulcan XC72 soot, and an active layer based on a 15% TMPPCo /Vulcan XC72 catalyst. The catalyst was synthesized by pyrolysis of TMPPCo (tetra-(pmethoxyphenyl) -porphyrin cobalt), adsorbed on Vulcan XC72, at 850°C in the argon atmosphere for 1 hour. The active layer was obtained by calendering a mixture of catalyst/fluoroplastic (9:1 by weight), pressing with the nickel grid and the barrier layer, having 35% fluoroplastic in its composition.
The testing of the activity of the catalysts in the O 2 reduction reaction was carried out in a three-electrode electrochemical cell using the rotating disk electrode method in 1 M KOH at 60°C. The potential sweep rate was 5 mV/s, the electrode rotation speed was 1580 rpm, and the amount of catalyst on the electrode was 200 μg/cm 2 . The testing of the cathode was carried out in a three-electrode cell. A mercury oxide electrode (Hg|HgO) was used as a reference electrode, and 8 M NaOH was used as an electrolyte. Air cleaned from CO 2 was supplied to the cathode. Polarization measurements were performed by the potentiodynamic method, the potential sweep rate was 1 mV/s. The potential transient was measured by the galvanostatic method at a current density of 200 mA/cm 2 . The values of the potentials are given in the scale of the normal hydrogen electrode with regard to pH and temperature. The testing of the laboratory layout of the Al-air element was carried out in a special cell. Al-In alloy (A99 + 0.45% In) was the material of the anode, which is more stable in alkaline electrolyte than Al. In order to reduce chemical corrosion of the alloy, sodium stannate Na 2 SnO 3 (0.1 M) was added into the composition of 8 M NaOH. Heated to 60ºC, the electrolyte was continuously circulated through the working space of the cell, whose width was 3 mm. The geometric surface of the electrodes was 8 cm 2 . Preliminary tests of laboratory samples of alkaline aluminum-air elements (Figure 1 ) with polyacrylonitrile-based gas diffusion cathodes that we developed showed that the power density (260 mW/cm 2 ) is comparable to the previously obtained characteristics for cathodes based on porphyrin Co pyrolysis products (300-350 mW/cm 2 ), and exceeds the values 90 mW/cm 2 published in [12, 13] . were achieved with a cathode polarization not higher than 0.25 V and a steady-state potential of 0.09-0.14 V, which is comparable with the results obtained for Ptcontaining cathodes or cathodes based on complex oxides. The power density of alkaline aluminum-air elements with polyacrylonitrile-based gas diffusion cathodes that we developed is 260 mW/cm 
